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Aim: To describe patterns of injury, radiological evaluation and assessment of
paediatric cervical spine injuries at our institution.
Methods: We undertook an audit of cervical spine injuries over a 5-year period
reviewing injury type, mechanism, radiological evaluation, and National Emergency
X-Radiography Utilization Study decision instrument criteria at presentation [Hoff-
man JR, Wolfson AB, Todd K, Mower WR. Selective cervical spine radiology in blunt
trauma: methodology of the National Emergency X-Radiography Utilization Study
(NEXUS). Ann Emerg Med 1998;32:461—9].
Result: There were 22 children with cervical spine injuries. Nine children were
injured during recreational activities, with seven injuries caused by motor vehicle
accidents. There were 12 fractures, five spinal cord injury without radiographic
abnormality (SCIWORA), four subluxation/dislocation injuries and one subluxation
and fracture. Younger children (age less than 8) suffered injuries in the upper cervical
spine. A positive diagnosis in the children with a fracture or subluxation injury was
possible on plain films in all but two children. Using the NEXUS criteria, 14 of the 21
patients met at least one criterion on initial assessment.
Conclusion: Our injury pattern is similar to that described in previous studies,
although recreational activities were the leading mechanism of injury. Plain films
were diagnostic in all but two of the fracture or subluxation injuries. The NEXUS
decision instrument provides a good assessment of risk but has limitations when
assessing young children.
# 2005 Elsevier Ltd. Open access under CC BY-NC-ND license.307 4949x6381.
t.nz (V. Upadhyay).
n access under CC BY-NC-ND liceIntroduction
Cervical spine injuries are relatively uncommon in
children. One study found the age- and sex-adjusted
incidence to be 7.41 per 100,000 population per
year.10nse.
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Table 1 Type of injury
Type of injury 0—8
years
8—14
years
All
ages
Fracture 3 9 12
Subluxation 1 3 4
Fracture/subluxation 0 1 1In this study, we reviewed the literature and
undertook an audit of 22 acute cervical spine inju-
ries in children to furthur describe patterns of
injury, investigations, and to review each case using
the National Emergency X-Radiography Utilization
Study (NEXUS) decision instrument for adults.8SCIWORA 3 2 5
Table 2 Mechanism of injury
Mechanism of injury 0—8
years
8—14
years
All
ages
Recreation 0 9 9
MVA 3 4 7
Fall 3 2 5
NAI 1 0 1Materials and methods
Starship Childrens Health is a major tertiary pae-
diatric centre in New Zealand with a catchment
population of close to 1.5 million people. We carried
out an audit of cervical spine injuries admitted to
Starship Childrens Health over a 5-year period
between 1997 and 2002. This involved a note review
determining demographic data, type and level of
injury, associated injuries, NEXUS criteria at pre-
sentation, initial investigations and outcome. For
those children who had been transferred, we
reviewed the transfer documentation to determine
presenting history and examination findings, and
investigations done. We did not review coroner data
for the same time period.Table 3 Level of injury (excluding SCIWORA)
Level of injury 0—8
years
8—14
years
All
ages
Occiput to C2 4 8 12
C3 and lower 0 5 5Results
Between 1997 and 2002, there were 22 acute cer-
vical spine injuries admitted to Starship Childrens
Health. Eight of these children were transferred
from other centres after varying amounts of treat-
ment. The ages ranged from 5 months to 14 years of
age. The median age was 10.5. Seven children were
age 8 or less. There were 15 males and seven
females.
Type of injury
There were 12 fractures, five spinal cord injury
without radiographic abnormality (SCIWORA), four
subluxation/dislocation injuries and one subluxa-
tion and fracture. There were seven associated head
injuries ranging from skull fractures to diffuse axo-
nal injury.
In the younger age group of 0—8 years old, there
were three fractures, three SCIWORA and one sub-
luxation. In the older age group, 9 years and older,
there were nine fractures, three subluxations,
two SCIWORA and one subluxation and fracture
(Table 1).
Mechanism of injury
Seven injuries were from motor vehicle accidents
(MVA) where a motor vehicle was involved directlyor indirectly. Of these, there were three passenger
injuries, three pedesterian injuries and one cyclist
injury.
Nine injuries occured during recreational activ-
ities and all of these were in the older age group.
Four injuries occured through diving and swimming
accidents, two from bike accidents not involving
motor vehicles and three other injuries from skiing,
water skiing and running accidents.
Five injuries were attributed to falls, and there
was one non-accidental injury.
In the older age group, the most common
mechanism of injury was recreational activities
with nine injuries, followed by four injuries caused
by MVA and two from falls. This corresponds to the
younger age group where MVA and falls were
equally as common with three injuries caused by
each.
Only one child died and on presentation had a
Glasgow Coma Score (GCS) of 3 with head and
multiple other injuries. This review does not include
deaths prior to reaching Starship Childrens Emer-
gency Department (Table 2).
Level of injury versus age
In the younger age group, all fractures and subluxa-
tions were at C2 and above. In the older age group,
level of injury varied from C1 to C6 (Table 3).
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Table 4 Imaging study used for initial diagnosis
Investigation 0—8
years
8—14
years
All
ages
Plain film 2 12 14
CT 2 0 2
MRI 3 1 4
Not available 0 2 2NEXUS criteria7,8
We tried to establish from the notes of the initial
assessment whether the children presented with
any of the NEXUS criteria of midline cervical tender-
ness, focal neurological deficit, normal alertness,
intoxication, or painful distracting injury.8 This
included reviewing the transfer documentation on
the eight transferred patients. This was possible in
all but one patient. If a criteria was not clearly
documented, then it was counted as negative.
Fourteen of the 21 patients met at least one
criteria on initial assessment. Six patients presented
with an abnormal GCS or were intubated. Focal
neurological deficits ranged from tingling sensation
to paralysis. Of the seven who did not meet any
criteria, five were complaining of neck pain, one had
midline tenderness on a subsequent review after
admission and one was a delayed diagnosis.
In the younger age group, only four of the seven
children met at least one criteria on initial assess-
ment. Of the three that did not meet any criteria,
two complained of neck pain and one injury was only
found on radiological investigation.
In the older age group, 10 of the 14 children met
at least one criteria at initial assessment. Of the
four that did not meet any criteria, all complained
of neck pain and one was found to have tenderness
on later review.
Imaging studies
Twenty one out of 22 children had plain radiological
films. The child who did not have plain films pro-
ceeded straight to computed tomography (CT) as
they were unable to tolerate plain radiography. All
but one child had a CT following the plain films.
Eight children also went for magnetic resonance
imaging (MRI) after having both plain films and CT.
The diagnosis was made from plain films in 14 out
of 22 children. The diagnosis was made on MRI in
four children and all had SCIWORA.
The diagnosis was made on CT in two children,
the previously mentioned child who could not tol-
erate plain films and in a 4 year old with a C1
fracture. One child had a diagnosis of SCIWORA
made without MRI and normal plain films. In one
child, we were unable to determine the diagnostic
investigation of either plain films or CT (Table 4).
Treatment
Fourteen children were treated conservatively,
seven children were treated with halo traction
and one child proceeded to an anterior reconstruc-
tion and posterior fusion.Discussion
Anatomy
The anatomy of the paediatric cervical spine differs
from that of an adult.
Head size is disproportionately larger than the
body compared to an adult, neck musculature is not
fully developed, there is greater laxity of spinal
ligaments, vertebral bodies are wedge shaped and
articular surfaces are horizontally angled. It has
been suggested that the pivot point is located high
in the cervical spine of a young child so combined
with the above features, ligamentous injuries are
frequently encountered high in the cervical spine in
younger patients.10
It has been suggested that characteristics of
cervical spine injuries in children do not trend
towards those of an adult until 10—11 years of
age, and do not equal those characteristics until
late adolescence.9
Most studies comparing cervical spine injuries in
children take these factors into consideration. They
tend to divide children into two distinct groups, a
younger (usually up to 8 or 10 years old) group and an
older age group, with the older group having more
adult cervical spine characteristics.
Pattern of injury
Compared to adults, children have a different pat-
tern with regard to the level and type of cervical
spine injury.
Several studies have demonstrated that younger
children are more likely to sustain injuries to the
upper cervical spine rather than the lower cervical
spine.1—5,9—11
One retrospective study of 227 patients found
that of the 38 patients younger than 8 years of age,
87% had an injury at C3 or higher.11 This is similar to
another retrospective study of 408 children who
suffered blunt cervical spine injury where they
found a significant difference in that younger (less
than or equal to 10 years of age) childrenmore often
sustained high (C1—C4) versus low (C5—C7) injuries
when compare to older children (85.3% versus
56.9%; P < 0.01).9
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terns, with all of the fractures or subluxations in the
younger age group occurring in the upper cervical
spine. In the older age group fractures and subluxa-
tions occurred at all levels.
Compared to older children, younger children
tend to have more subluxations or dislocations with-
out fractures.9—11
In their retrospective study of 408 children,
Kokoska et al. found that younger children had
a significantly higher incidence of dislocations
(31.2% versus 20.4%; P < 0.01) and lower incidence
of fractures (42.1% versus 65.1%; P < 0.01) when
compared to older children.9
Injuries are more common among males, and the
male to female ratio varies from around 1.4:1 up to
2.5:1.1—5,9—11
The male preponderance has found to be more
marked in an older age group of 9 years and older.11
SCIWORA is a phenomenon of spinal trauma with
neurological injury but without fracture or disloca-
tion, and is suggested to be more common in chil-
dren. Kokoska et al. found the incidence of SCIWORA
to be 18.9% with a significant difference between
younger and older children (26.7% versus 14.5%;
P < 0.01).9 Incidence rates for SCIWORA have been
reported to be even higher than this, although there
is large variation between institutions.12
Adult rates of SCIWORAwere found to be about 3%
(27 from 818 injuries) in the large prospective
National Emergency X-Radiography Utilization Study
(NEXUS).6
We found five cases of SCIWORA out of 22 injuries,
which is comparable to previous studies.
Causes of injury
Motor vehicle accidents are a common cause of
cervical spine injuries in younger and older children.
Younger children are also commonly injured in falls,
while older children are also commonly injured in
recreational activities.2,4,5,9—11
Both Kokoska et al. and McGory et al. in large
retrospective studies found motor vehicle accidents
to be the leading overall cause of cervical spine
injury. In furthur classifying these injuries caused in
motor vehicle accidents, the cause of the injury was
more commonly the result of a driver/passenger
than a pedesterian accident.9,10 One study of 50
children did, however, have similar numbers pas-
senger (26%) and pedesterian (28%) injuries.3
Thehighestnumberof injuries inouraudit occured
during recreational activities. Nine injuries occured
during recreation with all these injuries occuring
in the older age group. Recreational activities werethe cause of nine from 15 injuries in the older age
group.
MVAwere the cause of seven injuries in our audit.
These were divided between three passenger, three
pedesterian and one cycist injury. The proportion of
injuries caused by MVA is less than previous studies,
but we did not review coroner data for the same
time period, so have potentially missed injuries
occuring in children who died from MVA prior to
reaching Starship Childrens Emergency Department.
Falls accounted for five injuries and were the
commonest cause of injury in the younger age
group.
Associated features
Neurological injury may occur in up to half of pre-
sentations.1,5,10
McGory et al. in a retrospective study of 154
children aged between 2 months and 15 years with
cervical spine injury found the rate of neurological
injury at the time of admission to be 43%.10
Head injury is a common association. A study of
102 children up to the age of 16 found 40% of cases of
cervical spine injuries were associated with head
trauma. This rate was even higher (up to 60%) in
upper cervical spine injuries.4
Kokoska et al. in their review of 408 children
found the majority of deaths were associated with
brain trauma (92.8%). The mortality rate in their
study was (69/408, 16.9%) and was significantly
higher in younger children vs older children.9 Higher
mortality in the younger age group has also been
found in other studies.3,11
The association of death with head injury has
been reported as low as 31% in one study, and as
high as 100% in others.2,4
One study also found that accidents involving a
motor vehicle accounted for 88% (14/16) of deaths.3
Radiological evaluation
Initial radiological assessment is by plain radiogra-
phy with cross-table lateral, anteroposterior (AP)
and odontoid views of the cervical spine. This can be
followed by CTor MRI, if there is any uncertainty or
to further define the injury.
Plain films are diagnostic in the majority of frac-
tures. A retrospective review of 50 patients exclud-
ing children with Trisomy 21, congenital bone
abnormalities and SCIWORA found that plain films
were diagnostic in 98% of cases.3
In another study of 32 patients younger than 15
years of age with cervical spine fractures, disloca-
tions and SCIWORA, 22 patients had a CT which
resulted in two diagnoses not apparent on plain
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another five patients.5
The odontoid view can be difficult to obtain in
young children. A retrospective study of 51 patients
with a cervical spine injury found 15 high cervical
injuries (six in the 0—8 year old age group) and the
diagnosis was made on the initial AP-lateral film in
11 (73%). Four of these patients had odontoid frac-
tures (two in each age group) and one diagnosis was
made by the odontoid view in an older child and the
other three made on CT obtained because of
decreased mental state and inability to adequately
examine the neck for tenderness.2 The transoral
odontoid film was not obtained in 17 patients (10
in the younger group of 15 patients) and their con-
clusion was that the odontoid view was of little
value in the younger age group, and evaluation
should consist of a good lateral and AP radiograph
followed by CT if the patient has a neurological
deficit or neck tenderness.2
In our audit, a positive diagnosis in the children
with a fracture or subluxation injury was possible on
plain films in all but two children, one who pro-
ceeded straight to CT and one whose diagnosis was
made on CTafter plain films. This suggests that plain
films are an appropriate first line radiological inves-
tigation, since almost all fractures and subluxations
will be evident. In those five children with SCIWORA,
three had neurological signs at presentation, one
with severe head injury was intubated and the other
proceeded to MRI once neurological signs were
noted, after they were extubated and transferred
to the ward. Children with neurological signs but no
evident fracture or subluxation on plain films should
proceed to MRI.
National Emergency X-Radiography
Utilization Study (NEXUS)
A large prospective observational study of cervical
spine injuries attempted to review a set of clinical
criteria to rule out injury to the cervical spine in
patients with blunt trauma. This was to evaluate the
efficacy of the NEXUS decision instrument.8 The
study involved 34,069 patients (adults and children)
who underwent cervical spine imaging after pre-
senting with blunt trauma. The five criteria in order
to be classified as having a low probability of injury
were: no midline cervical tenderness, no focal neu-
rological deficit, normal alertness, no intoxication
and no painful distracting injury. Having any one of
these criteria at presentation would be a positive
test. Their decision instrument identified all but
eight from 818 patients with a cervical spine injury
on imaging. The sensitivity was 99.0% (95% confi-
dence interval 98.0—99.6%). Only two from theseeight were considered to have a clinically significant
injury.7,8
A further study of the data reviewed 3065
patients younger than 18 years and found 30 who
sustained a cervical spine injury. The decision
instrument correctly identified all paediatric cervi-
cal spine injuries. The sensitivity was 100% (95%
confidence interval 87.8—100.0%). It was suggested
that the decision instrument could be used to
reduce cervical spine imaging by up to 20%. The
small numbers of infants and toddlers (only four of
the 30 injured children were younger than 9)
prompted caution in applying the NEXUS criteria
to this particular age group.14
One retrospective study tried to determine
whether history and examination findings could
identify children who had sustained cervical injury
after falling short distances. They identified eight
children aged from 9 to 68 months with cervical
spine injury. All children had neck pain or limited
range of neck motion. They concluded that cervical
spine injuries sustained by young children in falls
less than 5 ft were extremely rare. When they did
occur, the child demonstrated clinical evidence of
injury, such as neck pain or limited range of motion,
and suggested that the clinician may not need to
perform radiographic evaluation in the asympto-
matic child.13
The results of our audit suggest you should not
rely solely on the NEXUS criteria to predict cervical
spine injury in children. Seven of the 21 patients did
not meet any of the criteria, although in the older
age group, 10 of 14 met at least one criteria at
presentation. In those four children in the older age
group that did not meet any criteria, all four com-
plained of neck pain at presentation. As has been
previously suggested, the NEXUS decision instru-
ment should be applied with caution in the younger
age group or children.14
Some of the children in our audit who would have
been defined as low risk from the NEXUS decision
instrumentmay actually havemet criteria, but since
the diagnosis could already have been known from
plain radiographs these features may not have been
as clearly documented.Conclusions
This audit shows similar patterns with regard to
demographics, type and mechanism of injury to
previous studies. We found that recreational activ-
ities were the commonest cause of injury, although
we did not include in coroner data in our audit. Our
audit suggests that the majority of injuries (exclud-
ing SCIWORA) are evident on plain films. The NEXUS
474 G. Watson, V. Upadhyaycriteria offers a useful tool for assessment of sus-
pected cases of cervical spin injury but based on this
data, it may not be fully applicable to children.
Obviously, a higher level of suspicion for cervical
spine injury has to be had in children who present
with one of either midline cervical spine tenderness,
abnormal neurological signs, altered level of con-
sciousness, intoxication, or distracting injury.References
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